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US 7,300,195 B2 
1. 

VIBRATORY APPARATUS FOR SETTLING 
THE CONTENTS OF A CONTAINER 

BACKGROUND 

The present disclosure is directed to a vibratory apparatus 
and method for settling the contents of a container, and in 
particular to a vibratory apparatus including a vibrator, one 
or more coupling members that selectively secure the con 
tainer to the vibratory apparatus, and a plurality of resiliently 
flexible support members that enable the coupling members 
and the container to be vibrated along a generally linear and 
generally horizontal line of stroke to settle the contents of 
the container. 

Vibratory tables have been used to compact or settle the 
contents of a container. Prior vibratory tables typically 
provided vibratory motion along a line of stroke that is 
vertical or nearly vertical. The container and its contents 
were therefore lifted as they were vibrated thereby requiring 
a large expenditure of energy. It is also often difficult to settle 
the contents of a container that is vibrated vertically when 
the contents is irregular in shape or has a light bulk density. 

SUMMARY 

A vibratory apparatus and method for settling the contents 
of a container. The vibratory apparatus includes a base and 
a load table located above the base. The load table is 
movable with respect to the base along a line of stroke that 
is generally linear and generally horizontal. A plurality of 
resiliently flexible support members are coupled at a first 
end to the base and at a second end to the load table. Each 
Support member is generally more rigid in a direction 
transverse to the line of stroke than the support member is 
rigid along the line of stroke. Each Support member com 
prises a generally planar plate-like member. One or more 
coupling members, such as vacuum cups, are attached to the 
top of the load table. Each coupling member is adapted to 
releaseably secure the container to the load table. A linear 
pneumatic vibrator is attached to the bottom of the load 
table. The vibrator is adapted to vibrate the load table and the 
container along the line of stroke to thereby settle the 
contents of the container. The linear pneumatic vibrator 
allows for the selective adjustment of the amplitude of the 
vibratory motion of the container, and the selective adjust 
ment of the frequency of the vibratory motion of the 
container, independently of one another. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 is a front elevational view of the vibratory table of 
the vibratory apparatus. 

FIG. 2 is a side elevational view taken along line 2-2 of 
FIG 1. 

FIG. 3 is front elevational view of the conveyor mecha 
nism of the vibratory apparatus. 

FIG. 4 is top plan view of the vibratory apparatus. 
FIG. 5 is a front elevational view of the vibratory appa 

ratus with the conveyor table shown in the raised position. 
FIG. 6 is a front elevational view of the vibratory appa 

ratus with the conveyor table shown in the lowered position. 

DETAILED DESCRIPTION 

The vibratory apparatus 20 as shown in the drawing 
figures is adapted to vibrate a container 22 and the contents 
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2 
of the container back and forth along a line of stroke, as 
generally shown by the arrow “S”, that is generally linear 
and generally horizontal. The container 22 includes a gen 
erally planar bottom wall 24 and a peripheral side wall 26 
extending upwardly from the bottom wall 24. The walls 24 
and 26 form a chamber adapted to receive the contents of the 
container. The container 22 may, for example, be a box or a 
carton. The container 22 may be formed from materials such 
as, for example, paper, cardboard, metal, plastic and the like. 
The contents of the container may be, for example, various 
types of bulk material, packaged products, packaged food 
products, irregular shaped products, and products having a 
light bulk density. 
The vibratory apparatus 20 includes a vibratory table 30 

and a conveyor mechanism 32. As shown in FIGS. 1 and 2. 
the vibratory table 30 includes a base 34 that is adapted to 
be supported on a stationary structure such as, for example, 
a concrete floor. The base 34 may be removably attached to 
the floor to prevent relative movement of the base 34 with 
respect to the floor. As shown in FIG. 2, the base 34 
comprises a first base member 36 and a second base member 
38. Each base member 36 and 38 includes a generally 
horizontal leg 40 and a generally vertical leg 42 arranged in 
a generally L-shaped manner. Each base member 36 and 38 
extends generally linearly between a first end 44 and a 
second end 46. If desired, the first and second base members 
36 and 38 may be connected to one another by one or more 
transverse members. The base 34 may also alternately 
comprise a generally planar plate having a plurality of 
vertical legs 42. 
The vibratory table 30 includes a load table 50 located 

vertically above the base 34. The load table 50 includes atop 
52 and a bottom 54. The load table 50 includes a platform 
56 having a generally planar top surface and a generally 
planar bottom surface. The platform 56 is disposed generally 
horizontal and is generally rectangular such that the platform 
56 has four generally linear edges. A plurality of brackets 58 
are attached to the bottom surface of the platform 56. Each 
bracket 58 is located adjacent a respective corner of the 
platform 56. Each bracket 58 includes a generally horizontal 
leg 60 that is attached to the platform 56 and a downwardly 
extending generally vertical leg 62. The vertical legs 62 of 
two brackets 58 are generally vertically aligned with the 
vertical leg 42 of the first base member 36, and the vertical 
legs 62 of two brackets 58 are generally vertically aligned 
with the vertical leg 42 of the second base member 38. If 
desired, two or more brackets 58 can be connected to one 
another as a single bracket. 
A plurality of first mounting members 70 are respectively 

attached to each end 44 and 46 of the first base member 36, 
and to each end 44 and 46 of the second base member 38. 
A plurality of second mounting members 72 are respectively 
attached to each bracket 58 of the load table 50. Each second 
mounting member 72 is located generally vertically above a 
respective first mounting member 70. Each mounting mem 
ber 70 and 72 includes a lug 74 that is attached to the base 
34 or bracket 58 by one or more fasteners. Each lug. 74 
includes a pair of generally vertical and planar Surfaces that 
are spaced apart and generally parallel to one another. Each 
mounting member 70 and 72 also includes a first retainer 
member 76 and a second retainer member 78. The first 
retainer member 76 includes a generally planar and vertical 
surface that is adapted to be located adjacent the first vertical 
surface of the lug 74. The second retainer member 78 
includes a generally planar and Vertical Surface that is 
adapted to be located adjacent the second vertical surface of 
the lug 74. The first and second retainer members 76 and 78 
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are removably attached to the lug 74 by a fastener 80, such 
as for example a threaded bolt and nut, that extends through 
the lug 74 and retainer members 76 and 78. The lug 74 and 
retainer members 76 and 78 may be made from nylon or 
other plastic and metal materials. 
The vibratory table 30 also includes a plurality of resil 

iently flexible vertical support members 86. Each support 
member 86 is a generally plate-like member having a first 
end 88 and a second end 90. The first end 88 of each support 
member 86 is coupled to a first mounting member 70 and the 
second end 90 of the support member 86 is coupled to a 
second mounting member 72. One or more Support members 
86 can be coupled to each first mounting member 70 and 
second mounting member 72 as desired. One or more 
Support members 86 may be coupled to the mounting 
members 70 and 72 between the lug 74 and the first retainer 
member 76. One or more support members 86 may also be 
coupled to the mounting members 70 and 72 between the lug 
74 and the second retainer member 78. The support mem 
bers 86 that extend between a first mounting member 70 and 
a second mounting member 72 form a resiliently flexible 
leaf spring. Each Support member 86 is more rigid in a 
direction perpendicular to the line of stroke than the support 
member 86 is rigid along the line of stroke. The support 
members 86 are adapted to allow the load table 50 to vibrate 
back and forth along the line of stroke while inhibiting 
movement of the load table 50 in a direction perpendicular 
to the line of stroke. 

The support members 86 may be formed from fiberglass, 
plastic, metal and other materials. Each support member 86 
may be, as an example, approximately three-sixteenths of an 
inch thick, approximately one inch wide, and approximately 
ten inches long. The thickness and length of each Support 
member 86 may be varied as desired to adjust its flexibility. 
The number of support members 86 that connect each 
second mounting member 72 to a respective first mounting 
member 70 may be selectively adjusted, by adding or 
deleting Support members 86, and the size and rigidness of 
the support members 86 may be selected, to tune the 
vibratory motion of the load table 50 such that the load table 
50 vibrates in resonance. 
The vibratory table 30 includes a vibrator 100 that is 

attached to the bottom 54 of the load table 50 by a mounting 
bracket 102. The vibrator 100 may be a linear vibrator and 
may be a pneumatically operated vibrator. The vibrator 100 
may be an NTK(R) Series non-impacting linear oscillator of 
Martin Vibration Systems and Solutions. The vibrator 100 is 
connected in fluid communication with a valve and a source 
of pressurized gas, such as air (not shown). 
The vibratory table 30 includes one or more coupling 

members such as, for example, vacuum cups 110. Each 
vacuum cup 110 includes an upper peripheral edge 112 and 
a chamber 114 having an open top formed by the peripheral 
edge 112. The upper peripheral edges 112 of the vacuum 
cups 110 are located in a common generally horizontal 
plane. The chamber 114 of each vacuum cup 110 is con 
nected in fluid communication with a vacuum pump and 
valve (not shown). As shown in FIG. 4, each vacuum cup 
110 is elongate in a direction generally transverse to the line 
of stroke. As shown in drawing figures, three vacuum cups 
110 are attached to and supported by the top 52 of the load 
table 50. However, fewer vacuum cups or additional vacuum 
cups may be used. Each vacuum cup 110 is attached to the 
top 52 of the load table 50 by a respective spacer member 
116. Each spacer member 116 positions a respective vacuum 
cup 110 at a location that is spaced apart from and above the 
top 52 of the load table 50. Each spacer member 116 may be 
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4 
a generally C-shaped member, a plate, one or more posts, or 
other types of members. Each spacer member 116 may 
include an adjustment mechanism for vertically adjusting 
the position of the vacuum cup 110 with respect to the load 
table 50 to provide proper horizontal alignment of each 
vacuum cup 110 with respect to the other vacuum cups. 
As shown in FIGS. 3-6, the conveyor mechanism 32 

includes a stand 124 having a plurality of vertical legs 126 
and a generally horizontal top member 128. The conveyor 
mechanism 32 also includes a conveyor table 130 having 
two spaced apart generally parallel and horizontal side rails 
132. A plurality of generally cylindrical rollers 134 extend 
transversely between the side rails 132 and are rotatably 
mounted thereto such that each roller 134 is rotatable about 
its central longitudinal axis with respect to the side rails 132. 
The tops of the rollers 134 form a generally horizontal 
conveying plane 136 along which the container 22 is 
adapted to horizontally roll on top of the rollers 134 from a 
first end of the conveyor table 130 to a second end of the 
conveyor table 130. 
The conveyor table 130 is attached to and supported on 

the stand 124 by a plurality of lift mechanisms 140. Each lift 
mechanism 140 may be a pneumatic bladder having a 
bottom end attached to the stand 124 and a top end attached 
to the conveyor table 130. Each lift mechanism 140 is 
connected in fluid communication with a source of pressur 
ized gas, such as air, and a valve (not shown). Compressed 
gas is fed into the lift mechanisms 140 to lift or raise the 
conveyor table 130 with respect to the stand 124 and 
vibratory table 30 to a raised position as shown in FIG. 5. 
Gas is released from the lift mechanisms 140 to lower the 
conveyor table 130 with respect to the stand 124 and 
vibratory table 30 to a lowered position, which is lower in 
elevation than the raised position, as shown in FIGS. 3 and 
6. 

In operation, the conveyor table 130 is moved to the 
raised position as shown in FIG. 5 such that the vacuum cups 
110 are located below the conveying plane 136. A container 
22 is then moved from an adjacent conveyor onto the 
conveyor table 130. The container 22 is rolled horizontally 
on the rollers 134 to a position as shown in FIG. 5 wherein 
the container 22 is located vertically above the vacuum cups 
110. Gas is then released from the lift mechanisms 140 such 
that the conveyor table 130 is moved downwardly to the 
lowered position as shown in FIG. 6. Once the conveyor 
table 130 is moved to the lowered position as shown in FIG. 
6, the vacuum cups 110 are located vertically above the 
conveying plane 136 and are respectively located between 
adjacent rollers 134 at an elevation higher than the elevation 
of the tops of the rollers 114. As the vacuum cups 110 begin 
to project upwardly through the conveying plane 136, the 
container 22 rests upon and is Supported by the vacuum cups 
110 and the load table 150, such that the vacuum cups 110 
are in engagement with the bottom wall 24 of the container 
22. 
A pump removes gas from the chambers 114 of the 

vacuum cups 110 Such that the pressure of the gas within in 
the chambers 114 is lower than atmospheric pressure and 
Such that at least a partial vacuum is created within the 
chamber 114. The suction provided by the vacuum cups 110. 
due to the vacuum created in the chambers 114, releasably 
secures the container 22 to the load table 50. Compressed 
gas is then supplied to the vibrator 110 whereupon the 
vibrator vibrates the load table 50, the vacuum cups 110, and 
the container 22 and its contents back and forth along the 
line of stroke in a generally horizontal and generally linear 
direction. The linear and horizontal vibratory motion that is 
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Supplied to the container 22 settles and compacts the con 
tents of the container. The vibratory motion along the line of 
stroke is energy efficient as the container and its contents are 
not lifted during vibration. 
The resiliently flexible support members 86 allow the load 5 

table 50 and container 22 to vibrate along the line of stroke 
while inhibiting movement of the table 50 and container 22 
in a direction transverse to the line of stroke or rotationally 
about a vertical axis. The support members 86 thereby 
stabilize the vibratory motion of the load table 50 and 10 
container 22. As the load table 50 and container 22 generally 
pivot about the first ends 88 of the support members 86, the 
load table 50 and container generally move along a shallow 
arc-shaped path which is considered to be generally linear 
herein. 15 

The supply of compressed gas to the vibrator 110 is then 
stopped such that the vibrator 100 no longer provides a 
vibratory force to the load table 50. Once the vibratory 
motion of the load table 50 and container 22 is substantially 
stopped the chambers 114 of the vacuum cups 110 are then 20 
placed in fluid communication with the atmosphere to break 
the vacuum within the chambers 114 and the suction created 
between the vacuum cups 110 and the container 22. The 
container 22 is then Vertically supported on the vacuum cups 
110 but is no longer secured to the vacuum cups 110. 25 
Compressed gas is then Supplied to the lift mechanisms 140. 
The lift mechanisms 140 raise the conveyor table 130 from 
the lowered position as shown in FIG. 6 to the raised 
position as shown in FIG. 5 thereby lifting the container 22 
upwardly from the vacuum cups 110. The container 22 and 30 
its settled contents may then be moved horizontally off of the 
conveyor table 130 to an adjacent conveyor mechanism or 
other apparatus for handling the container 22. 
The pneumatic linear vibrator 110 enables the amplitude 

of the vibratory motion of the container 22 along the line of 35 
stroke, which is the horizontal distance that the container 22 
travels, to be selectively adjusted independently of the 
frequency of the vibrator motion. Similarly, the frequency of 
the vibratory motion of the container 22, which is the time 
it takes the container 22 to complete a cycle of movement 40 
along the line of stroke, can also be selectively adjusted by 
the vibrator 100 independently of the amplitude of the 
vibratory motion. If desired, both the frequency and the 
amplitude of the vibratory motion along the line of stroke 
can be simultaneously adjusted. 45 
The number of support members 86 that are used and the 

size and flexibility of the support members 86 can be 
selected as desired, and the frequency and amplitude of the 
vibratory motion of the table top 50 and container 22 can be 
adjusted by the vibrator 100 as desired, to tune the vibratory 50 
motion of the table top 50 and container 22 such that the 
table top 50 and container 22 vibrate in resonance. When the 
vibratory table 30 vibrates the container 22 in resonance the 
settling of the contents of the container is maximized and 
magnified. Operation of the vibratory table 30 can be tuned 55 
to match the weight or mass of the container 22 and its 
contents, to provide the type of vibratory motion to the 
container 22 that is most effective to settle the contents of the 
container. 
The vibratory apparatus 20 has been described above as 60 

including lift mechanisms 140 that raise and lower the 
conveyor table 130 to selectively position the container 22 
on the vacuum cups 110. Alternatively, the lift mechanisms 
140 can be placed between the base 34 of the vibratory table 
30 and a supporting floor structure such that the lift mecha- 65 
nisms selectively raise and lower the vibratory table 30 
while the conveyor table 130 remains stationary. Alterna 

6 
tively, the lift mechanisms can be placed between the 
vacuum cups 110 and the load table 50 to selectively raise 
or lower the vacuum cups 110 with respect to the conveyor 
table 130 while the load table 50 and the conveyor table 130 
remain stationary. 

Various features of the invention have been particularly 
shown and described in connection with the illustrated 
embodiment of the invention, however, it must be under 
stood that these particular arrangements merely illustrate, 
and that the invention is to be given its fullest interpretation 
within the terms of the appended claims. 
What is claimed is: 
1. A vibratory apparatus for settling the contents of a 

container, said vibratory apparatus including: 
a base; 
a load table located above said base; 
one or more Support members attaching said load table to 

said base, each said Support member being resiliently 
flexible such that said load table is movable with 
respect to said base along a line of stroke; 

one or more coupling members attached to said load table, 
each said coupling member adapted to releasably 
secure the container to said load table; 

a vibrator attached to said load table, said vibrator adapted 
to vibrate said load table along said line of stroke; and 

a conveyor mechanism, said conveyor mechanism includ 
ing a conveyor table having a plurality of spaced apart 
rollers adapted to Support the container, said coupling 
members adapted to be located between said rollers and 
to be selectively located above said rollers such that 
said container is Supported by said coupling members 
for vibration along said line of stroke to thereby settle 
the contents of the container. 

2. The vibratory apparatus of claim 1 wherein said vibra 
tor is a pneumatic linear vibrator. 

3. The vibratory apparatus of claim 1 wherein each said 
coupling member comprises a vacuum cup. 

4. The vibratory apparatus of claim 1 including a plurality 
of spacer members, each said spacer member attaching a 
respective coupling member to said load table. 

5. The vibratory apparatus of claim 1 including one or 
more lift members, said lift members adapted to selectively 
locate said coupling members above said rollers such that 
the container is Supported on said coupling members, said 
lift members adapted to selectively locate said coupling 
members with respect to said rollers such that said rollers are 
located above said coupling members such that said rollers 
Support the container. 

6. The vibratory apparatus of claim 5 wherein each said 
lift member comprises a bladder. 

7. The vibratory apparatus of claim 1 wherein said line of 
stroke is generally linear and generally horizontal. 

8. A vibratory apparatus for settling the contents of a 
container, said vibratory apparatus including: 

a base; 
a load table located above said base; 
one or more Support members attaching said load table to 

said base, each said Support member being resiliently 
flexible such that said load table is movable with 
respect to said base along a line of stroke; 

one or more coupling members attached to said load table, 
each said coupling member adapted to releasably 
secure the container to said load table; 

a vibrator attached to said load table, said vibrator adapted 
to vibrate said load table along said line of stroke; 

a conveyor table having a plurality of rollers; and 
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one or more lift members adapted to selectively locate 
said coupling members above said rollers such that the 
container is Supported on said coupling members for 
vibration along said line of stroke, said lift members 
adapted to selectively locate said coupling members 
with respect to said rollers such that said rollers are 
located above said coupling members such that said 
rollers Support the container. 

9. The vibratory apparatus of claim 8 wherein said vibra 
tor is a pneumatic linear vibrator. 

8 
10. The vibratory apparatus of claim 8 wherein each said 

coupling member comprises a vacuum cup. 
11. The vibratory apparatus of claim 8 including a plu 

rality of spacer members, each said spacer member attaching 
a respective coupling member to said load table. 

12. The vibratory apparatus of claim 8 wherein each said 
lift member comprises a bladder. 


